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Extended Baldin Sum Rule

Q? = 0, photoproduction

GDH Sum Rule Baldin Sum Rule
2 2 _ 1 (®oy,+o0
kM j‘wﬁl/z O3124, (a+p)y = zj e 2 dy
4 272-62 Vo 1% 472' Vo | %4
Q? > 0, electroproduction
Extended GDH Sum Rule Extended Baldin Sum Rule”
2 2 1 © K o
kK~ M J‘ K o dv (@ + B)y = 2,[ ——;dv
4 el vy v v 27 vo VvV
2 2 X
_ZM Ixogldx _ &M 02xF1dx
Q 2 0 7Z-Q 4 0 T
where « : anomalous magnetic moment of the nucleon Need L/T

a, B ¢ electric and magnetic polarizabilities, respectively | separated
Vo + pion photoproduction threshold datal

*D. Drechsel, B. Pasquini, M. Vanderhaeghen hep-ph/0212124 Dec 2002
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The extended Baldin Sum Rule for the proton

(a+p), (10 fm?)
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T < (onrﬂ’)Q2=0 =14.2+0.9 (PDG)

(a+ 'B)szo =13.69+0.14
(D. Babusci et al. 1998)
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Hall C E94-110
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- Extended Baldin Integral goes smoothly from Q? > 5 GeV? to real photon point
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Why is IPH(Q?) interesting?

One of the few opportunities to "zoom out" from
tiny length scales (DIS) to large length scales

GDH 2
20! I (Q ) 163‘[320t
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M? Theo™ 2m2aS,(0; Qm Q’ b

Non-perturbative,
confinement

OPE, Bjorken,
&DH Ellis-Taffe

Many of the underlying assumptions are the same as
those being tested in high-energy spin-structure tests
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CLAS - First Moment I';,(Q?)
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CLAS - First moment I'; for the deuteron
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Q?2-Evolution of the Gerasimov-Drell-Hearn Integral
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Kinematic coverage of JLab E94-010 Experiment

* Longitudinal and - 4255 Gov E.= 5.070 GeV

transverse target - “‘
olarization allows ‘\
P = SW“‘“‘ \

separation of g, and g,

Kinematic coverage E = 2591 GeV N\ \ \
sufficient to integrate fo .- W \
W %2 GeV % E=1.720Gev |

-, 0.10

E= 08626 \
l 0=15.5°
0.01
0.50 1.00 1.50 2.00 2.50

W [GeV]
m— ffferson Cfat— mmmmmm—Thomas Jefferson National Accelerator Facility — |HE—————————
R et PAC-25, January 17, 2004, 7




Q?2-Evolution of the Gerasimov-Drell-Hearn Integral

dv

loon = T(O'yz(VQ) Gdz(VQ))__ ZTUTT P
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MK
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« Nuclear medium corrections

from Ciofi degli Atti and
Scopetta

 Compared to calculations by

—

Drechsel et al. which neglect
contributions from DIS and by
Ji and Bernard based on Chiral
Perturbation Theory (band shows
uncertainty in contribution from
A-resonance)
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Q?-Evolution of the GDH Integral (cont.)
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Q?-Evolution of the GDH Integral (extensions)
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Burkhardt-Cottingham Sum Rule
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Higher Twist Effects

* g, allows access to “higher twist"
effects (quark-gluon
correlations)

- E97-103 made accurate
measurements of g, at different
Q?-values, but analysis not
completed

5,(xQ) =0, (%,Q%)+T,(x,Q%

Ww 2 2 ; 2 d
0™ (x,Q%) = -g,(x Q%) + | 0,(.Q )7y

Q%)= I gl(x,QZ)dx/: Hy 4G G

leading twist higher twist

(@)= 5 M[a,(Q) +40,(Q) - 41,(Q")]

7 e /
twist-2  twist-3  twist-4

=
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1 twist—2 twist—3
n 2 2 n 2 n 2
d5(Q%) = [ x*[297 (x.Q%) + 333 (x.Q*) Jix
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Jefferson Lab Hall A Experiment E97-103

T. Averett, W. Korsch (spokespersons) K. Kramer (Ph.D. student)

| World Data on g} (x,Q") |
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- - SLAC E155X
~ . JLab E99-117
0.2 ggw from B&B scen. 1 @ 1.0 GeV’
il — g""from B&B scen. 1 @ 5.0 GeV’
0.1—
- K
p— S iz
5 m |N ; .
x 0 i ]
5 [ L
-0.1—
0.2
_0-3 N 1 1 1 1 1 | ; 1 1 1 1 1 1 1 1
10° 1

x

* Inclusive DIS of polarized electrons from a polarized 3He target

* Precision g," data covering 0.57 < ()< 1.34 GeV? at x~ 0.2

* Direct comparison to fwist-2 g,"prediction using world g," data

* Quantitative measurement of higher twist effects provides information on
hucleon structure beyond simple parton model (e.g. quark-gluon correlations)
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Higher Twist Effects (cont.)

Hall A E94-010
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Color Polarizabilities

How does the gluon field respond
when a nucleon is polarized?

Define color electric and magnetic polarizabilities
(in nucleon restframe):

Zo:2M S =(PS|0, .IPS)

where 68 — W*géw
O,

w'd x gEy
d,=Qx +7:)/8
fz :(ZE _ZB)/Z

d, and f, represent the response of the color fields
to the nucleon polarization
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Color Polarizabilities (cont.)
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Spin Structure in Deep Inelastic Scattering

Partonic Interpretation

x = fraction of nucleon momentum
carried by struck quark

q*/- quark helicity parallel/antiparallel

to photon helicity
NO simple partonic picture of g,

P V.V V. %"

ey

i
AN NGO parons

a(x)=0a"(x)+q"(x)
R00=3 Yefa, (0 F)=xEW)

flavor

—q'(X)-q" _ 9
Agq(x) =q"(x) —q (x) A (X) = F(X)

600 =3 Y eia (0 5,00 =0

flavor
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Valence Quark Region

. SU(6) symmetry:
- Ap=5/9 Anr=0  d/u=1/2

» Au/u=2/3 Ad/d =-1/3
. Broken SU(6) via scalar diquark
dominance
AP 1AM 1 d/u O
« Au/u» 1 — Ad/d -3/3

. Broken SU(6) via helicity conservation
- Ap 1 AN 1 d/u 1/5
- Au/u 1 Ad/d 1

—> —>

—> —>

Note that Aq/q as x--> 1 is more sensitive to

spin-flavor symmetry breaking effects than A, ol
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World Data for A,
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Virtual photon asymmetry A,(x) for the deuteron
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New Hall A data on A" (E99-117)

A

Data provide first indication

that A" deviates from O at
large x, but are clearly at
variance with pQCD
prediction assuming Hadron
Helicity Conservation
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Projected 11 GeV Hall A data on A,
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Helicity-Flavor Distributions
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Summary

 Very active experimental program on nucleon sum rules
and spin structure thanks to development of polarized
beam (> 100 pyA, > 75 %) and polarized targets

* T';,, d, Q%-evolution of GDH integral

« AN first accurate measurements at infermediate
x-values
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